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Abstract

The longitudinal motion of an aircraft is influenced by two oscillatory motion modes which are called the short-period
mode and the phugoid mode. The pitch attitude handling qualities of a STOL (short takeoff and landing) airplane degrades as
its flight speed slows. The main cause of this degradation is considered to be that the natural frequencies of the two modes

approach each other. However, we have studied the effects of modal parameters using a flight simulator, including the initial

amplitude ratio and difference in the initial phase angles, of the short-period and phugoid components in the pitch attitude

response to elevator step input. The results show that the difference in the initial phase angles plays the most important role in
a human pilot’s pitch control and the effect of the proximity of the two natural frequencies is small.
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Table 2 Modal parameters of P2V-7 VSA to elevator step input
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Fig.1 Time history of pitch attitude to elevator step input (-0.1[rad])
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Fig.3 Structure of flight simulator system

42 ER4RY

Figd4 iIZRAZ V=V ITREShD2BB L, MEBOKRE L O
EERLENEZRT. Moy MRy FEBAOBREY R
ZEBRT. VIialb—FRI Y- VIZITEEY Y FEEH N —
(GHLBBOL Yy TFERHAN—(Q)BPEEIND. Afay |k
KIRAEEOBRE(G )2 TEHETRENSDERIZE 2T 5
EOBBELTEDL Y. ZOERETny /JBRRTERLELD
% Fig.5 IZ/RY.

TAMM ry MIFEARGEL, RBRRITEELSEOEK
RO, Mk, BRIECEBELBHETHS. £/, Moy b
IMBRRITORE 2 52, BEOBFEEL OB LIk,
T BERITEITS.

—105—



HEME—FL7 T4 FE— FOMMBERIE v FLIRNHE RIT T2

/S'imulator Screen

Horizon

Fig.4 Screen image of flight simulator (left),
and aircraft’s pitch attitude (right)

O + O Pilot S

- As Controller

Aireraft

As Controlled Element

Fig.S Experiment block diagram
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Fig.9 Time history of various pitch attitudes and elevator deflection angle

—107—



HRME—=F &7 T4 NE— FOMMBRATE v T LEPRGME I RITT B8

KEETDL, Q K, TOEBHIRRTAIRELE->TV S
B, ¥, CREHPIZS~83 bOREREEBNRLNS.

REFLLT, K,=02, Q=15 ¥,=0,-135, -225[deg}iz 351+
HEBROWET — ¥ % Fig9 IZR¥. ¥, =135[deg] TIiX P2V-7
VSA DFMMETH Y, ZOHE, P2V-7T VSA ZEBHEL TV BT
LIZBEFELVOT, EBRMNEMAT L N—X AN TEEY Yy
FEBATBYETETCNDZERDPD. P, =0[deg] TiEx L
NR—ZERERBEERLTHBICLELLY, BETLIEYF
BBEADLL LV PREITEY. FLT, K&+ L _—
FANEE-T7IA FE— FRODRE, Aoy Mizd
A FREBZNESE LD LEERBET>TWER, FomE
LBV, BEEWMALI LB TERN. BR, M ay
BEX ORI R 7 ZEBL, REABHLL2VESBRET S
DTH—HRORETH L EBb05. P, =225[deg] TH:, =
L= SRS, LR LAY y FEBANBEELTNS T
LDh, REOREGEREBEI - TVEZIeRbr S, (L
—HRA S, DEBRBETTOE—2 2 M eRESELFH
TELLTVD. o THERS,BPEDLE, Uy FERA0
BATHD.) £, BETAHC Yy FERALIEN. Sy
MIRKERC Y FEBREHAT EEDRELTLN—F AN
LW, BE&EEOBRIE L VI RIBRRREFTHEZR
BHRIETES, SR OERITEE-TVARAVI LEFLT
WhHEEXBND.

Fig 8 BRIICRENTNE “/37y MR 13, S my i
EoTHELWY, ORBEABHFELTNDZLERLTNS.
IIT, Y VY FERRERROER L OBEERT LD
Fig.10 248 - FREBERE7RY. EL, Figlo lx7 34 Fe—
NMEBEODBLAER LZbDTHY, ERHE— FEIZEOESE
DI H B .

0.5

We =0 (d
0.4 o/ e (deg)
03
90 (deg)
0.2
@ 135 (deg) \ 270 (deg)
% 01 o
é\ 0 g ~
ol
E -0.1 | o
02 ) e 225 (deg)
Phugoid Pole
-0.3
0.4 °
' "Q, =15,K, =0.2"
0.5

-1 -0.5 0 0.5 1 15
Real Axis

Fig.10 Pole-zero map of pitch attitude transfer function

W, =-90, -135[deg] THL, BEAVNBEREH LOLLEFICHEE
FRTWS. LaL ¥, =0,-225,-270[deg] THL, BANEETLH
LOELEFRCEBEINTVS. Zhiz M ny Mo E - TH
ELVY, THENPEI D, REK—ELTWE. o%Y, &
RBPELEHCRBENSRIE, AB Moy Mod o THEE
BHELSBW LD THLHZ LB8b2d. BEOLNELTER
KHHF%E, BHFEABHER QLS. RETHHERITmE
M b0 EPRERE L D7D, ~BOLFHEERENS
KMbol L RBABET 5, LLEAIBOL S IZY
A= PRy JHBCABEEX D Z LN TER. BITEEM
BlZbdd, HOREOHEIIFELLDE, BERIhmy
AZUERH LU TOMEEBRERECEN b ORARS. 25 Lz HExs

&0, ABlf oy McboTHELWEETHS LITE LR
WTHA9.

6. #&

E- 3

AL, 2 Oo0OBEET— FOMEIBEER Ly F RPN
ERETHEERIE L., T— FOMMBEREET 5 2A—¥
ELTHARRBEOKLQ,, 27 v IIHEONHIRIEL K,
BLUOMBEEY, #RE L. ZhiX, ¥y FEREEY
BOBETTERSERVERICANLZ I L 2BHRELTW S,
EROFER, KFRITAM A 0y M L3Py FEBEBEHE
CRLEELEFERL LTV D OIXOMEEY, Ths &
il 5. —RiIC, ¥y FEBRHEEOSILITEE AR
DEQ OETHRETHS EELRTWAR, SEOERT
EEDOEBRIVY, LI~2 LI bInThot. FLAIHE
Wik, REREBICRBY D =0[sec] R HHEL LERT A—F Th
L. TDONRTA—IPBPHEICKEREEBLRIFLEZL NS Z
i, A -—BBRICBWT, ABSr oy MIEgo
BOPEH KK R2ELEE>TWVWBELRBLTCWS., L
TEOTMEN, A 2y MZEoTHELVWEDONE ) M,
CHERMEROY y FEBGEERB B TERRHEARATHDI M
B, WX THRATELRZ LB bholn, 20T &I, Mz
BETIZBELT, 2 0BEAEHE— FeAT5M0v 2T
DZBWTS, WMATESLES.

SEOERTE, EEEEOREELZZLISELE, Thi
EHHFRBRIERLZGDETTFA V3 2 L—FICHBAA
N EoT, BEFELELRVWHEERAEE L TWEZ LG
Exohbd. 5%, SHTEAHBERL REMEBET LD
H2b, FRTENRBE L OBPEYE S, HENLEST %
FoTHLFETHS.

1 &

MEBETILEEMER/ISA—2 LOBER
KQOMEBET N 2T EEBB L, MFEET A%
(HRIBI K, S OENHEZEY,) LOBREUTIRYT. =
NERG)DHET 75 REBPLHRETE 5.

2
0s) =— Ek2+Pi+(} ! a3
(s +2a)ngps+a)w)(s +2a)nphgphs+w,zph) N
KO)VEMODEEBET B L, RXL 3.
0(s)=—; Ps+Q - Rs+T . +520~U (14)
(s +2a)mpg,ps+a)mp) (s +2a7np,,gp,1s+a)np,,) s

ZIT, RUAHLELEBEDOH FEHEROEEEP, Q, R, T, U)
I, UTORBELFBIXN6RD 5.

1 0 1 0 1 P
U@ 1 2000, 1 26 pWnsp + S ph@rpn) Q
co,fp,, 2¢ ohPrph a):ﬂ, 2(;51,0),@ co,zmp + a),fp,, + 4gspw,u?g oh@nph || R

0 wrfph 0 w:.rp 200, @yp1 (S sp P + S ppPp) || T

0 0 0 0 OV U

—108—



e AE -

-\ Els, @

F
G

RAANEAE BN T 75 2AEH]T 5. BHRAK "ER1A)C
AT 2 &, UTORMBRTORT v 7 ISENRE 3.

2
2 a4 B
o(t) = Z; [%~ amj + By -exp(-agt)-cos ft+tan™ (_Q_j, ) ——725
P p
LR (Z —agy, )- + B - eXp(~apyt)- 008 B2+ tan”! P =

Box Y\R

T 2
K
+ 0,0 U

= O O+ 0, (8 + Oy

(ERV]
ZIT, REGAFD o, B BRXAF )" OEHE— FIZRE
TORMER () OEER (o=co,.) BLUEES
(Be=opufl-¢2) Th5.
BB IR IRIE I K, & SIBIATHIE P, IR CRB T
5.

2
P %
__2\/[; - gwwwj + 0ny(1-63)
- Ik:pi B |1~ 63) (44)
" el
ph T
E Gphwnph + wrfph(1 - g_zzah)

nph (1 g ph

/ 2 [ 2
Dy l—gq, o Duon 1 = S on 54)

LIJe =¢:p w'¢7ph =tan-1 T
(R

R(44), GAYL Y, MBRIBI K, & OIHIRIMEE ¥, 12424
EFAVERTEERH (RQ) OHBSER (| &, P Q,R,
TOADOEHITL>TREND. RQA)LDY P, Q,R, T iXfzE
BEOSFEERBREEEGICLoTHES. o7, BAE
mf&hi&JﬂPiZO@%ﬁ Lo TET 5.

PEDEEE BT 2T, REOTMPIRER K, L A
EZY, ERARCHZTEROMBRS,Y, BEEKL LTE
HT&5. Lal, RM4A), A% P,Q R TK O\ TREITES
BIZLEIRETHBEOT, APFE T, Fig IAICRT L5 72
EERRE TICBEME L ELBIC kD,

Fig JARXFERDOMEBILL > TK, £ ¥, BED LSBT
S2EFLTVNS. {EL, Fig 1A12Q, =15, ¢,=05, $pn=0.0
DHET, 734 FE— FBOFERIERLTHY, EBM<

MR B

— NOBREOEROMICH S, ZOMERVE L, B
BROZREBIC LT, K, &V, & AR =4 B8 0 HE

BRDOND. Fig 1A CRERBHOMBICHS & %, K, =03,

W, =-90[deg] THDHILERLTVS. FHEDK, & Y, % [
BIZB T SERmBORTEAR RSO, BRFOMELBYE L
AL CHEL LTI, RAMEBERMATRIZBRY 72 <GEW
BT b LN TE5.

0.5

— K,

osb oo ,ldeg]

Zero (Ke=0.3, ¥,=-90) _ 0.2

4
w

Imaginary Axis

e
N

0.1

-0.3 -0.2 -0.1 0 0.1 0.2
Real Axis

Fig. 1A Contour map of relative relationship parameters

B FFRCBITL7I5A4 0 vIav—FEBOERIE
LT, TMEFHERFEROT R b 3f oy b, BT E
CZHBHWEEEE L., ZOBREY T, BLEMROBEL S
LET.

B E

1) Grantham D. William, et al.: Fixed-Base Simulator Study of an
Externally Blown Flap STOL Transport Airplane during
Approach and Landing, NASA TN D-6898, (1972).

2) Heffley K. Robert, et al.: Airworthiness Criteria Development for
Powered-Lift Aircraft, NASA CR-2791, (1977).

3) Military Specification: Flying Qualities of Piloted Airplanes
MIL-F-8785C, (1980).

4) MEETL—BR, KEBBE, RS MEEA¥AM), I
KEHIE, (1982).

5) G. E. Cooper, R. P. Harper: The use of pilot rating in the
evaluation of aircraft handling qualities, NASA TN D-51353,
(1969).

6) FHEIEE : [BERIMEMR] L], BRE, (1997)

7) BEEBES, ISMEZ*2 MV —X HBI%E), BE
BES, (2002).

—109—





